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over a 24-month period beginning May 1, 1967 and ending Apr i l  30, 1969. 
Experiment I revealed t h a t  running and r i d i n g  a b icyc le  ergometer produced 
similar gains  i n  physical  f i t n e s s  var iab les .  
exerc is ing  at. a 180 h e a r t  ra te  made a g r e a t e r  improvement i n  physical  f i t n e s s  
than d id  those  exerc is ing  a t  a 140 o r  160 h e a r t  rate. 
t h e  sub jec t s  who exercised s i x t y  minutes per day made g r e a t e r  gains on 
spec i f i ed  components of physical  f i t n e s s  than d i d  those  who exercised twenty 
o r  f o r t y  minutes per  day, 
twelve times per  week made g rea t e r  gains  on spec i f i ed  components of physical  
f i t n e s s  than d id  those  who exercised t h r e e  or s i x  t i m e s  per week. I n  
Experiment V, it was found t h a t  sub jec t s  could maintain a moderate l e v e l  of 
f i t n e s s  by exerc is ing  a t  a pulse  rate of 160 bea t s  per  minute f o r  twenty-minute 
periods t h r e e  times per  week, t h a t  sub jec t s  who "overtrained" by exerc is ing  
twice d a i l y  t o  near exhaustion increased i n  f i t n e s s  and t h a t  those sub jec t s  
who discontinued t r a i n i n g  decreased i n  fgtness. 
I n  Experiment I1 t h e  sub jec t s  
I n  Experiment 111, 
I n  Experiment I V ,  t he  sub jec t s  who exercised 
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I. In t roduct ion  
Prolonged weight lessness  during space f l i g h t  might r e s u l t  i n  de t e r io ra -  
t i o n  of fundamental card iovascular - resp i ra tory  responses. There has been 
considerable  concern t h a t  prolonged space f l i g h t s  might cause cardiovascular  
decondi t ioning,  making the  space crewman suscep t ib l e  t o  syncope o r  c i r c u l a -  
t o ry  co l l apse  during re -en t ry  o r  r e t u r n  t o  e a r t h  (1). One of t he  p r inc ipa l  
problems encountered wi th  prolonged weight lessness  is t h e  hypotension which 
develops upon r e t u r n  t o  g rav i ty  due t o  the l o s s  of t h e  cardiovascular  
re f lexes .  Another problem of g r e a t  concern t o  space o f f i c i a l s  is t h a t  of 
space fa t igue .  Astronauts have found even mild ex t ravehicu lar  a c t i v i t y  t o  
be very exhausting, 
Lamb (2) s t a t e s  t h a t  prolonged bed rest r e s u l t s  i n  physiological  de- 
condi t ioning,  manifested by decreased plasma volume, decreased red blood 
cel l  mass, decreased red blood c e l l  production wi th  inac t ive  bone marrows, 
increased r e s t i n g  h e a r t  rate, decreased exercise to le rance ,  decreased 
o r t h o s t a t i c  to le rance ,  decreased coronary blood flow, increased s to rage  
of catecholamine products i n  the  myocardium, decreased muscle mass and 
muscle  tonus, increased n i t rogen  excre t ion ,  and increased calcium mobil- 
i z a t i o n  wi th  increased ca lc ium excret ion.  Several  methods have been 
suggested to  overcome var ious  aspec ts  of t h i s  problem, These include 
pressure  c u f f s ,  a cen t r i fuge ,  acc l imat iza t ion ,  an  a n t i g r a v i t y  s u i t  and 
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exercise devices,  
vehic les  none of these  appear t o  approach an i d e a l  solution. 
Due t o  the  weight and space requirements i n  space 
To prevent 
or a t  least t o  minimize t h i s  deconditioning during prolonged space f l i g h t s ,  
fu r the r  research needs t o  be undertaken. 
Miller and Taylor found t h a t  increased physical  f i t n e s s  decreased 
deconditioning during two or  t h ree  weeks of absolu te  bed rest (3) (4). 
It is general ly  assumed t h a t  anything which decreases deconditioning 
during bed rest w i l l  a l s o  decrease deconditioning during prolonged space 
f l i g h t s .  
f o r  t he  long-term manned space f l i g h t s  which a r e  being planned, research 
is needed i n  t h e  a rea  of developing and maintaining optimal physical  f i t n e s s .  
With t h e  appointment of physicians and s c i e n t i s t s  as as t ronauts  
11. Purpose 
The purpose of t h i s  i nves t iga t ion  w a s  t o  determine the  kind of  a c t i v i t y ,  
work load, length of t r a i n i n g  sess ions ,  and frequency of t r a in ing  sess ions  
necessary t o  develop and maintain an optimal l e v e l  of physical  f i t n e s s .  
The e f f e c t  of over t ra in ing  and cessa t ion  of t w i n i n g  upon spec i f ied  indexes 
of physical f i t n e s s  was a l s o  invest igated.  
111, Method 
Subjects used i n  t h i s  study were male col lege  s tudents  who volunteered 
and had below average m a x i m a l  oxygen uptake values as determined from the  
Balke Treadmill Test .  (5) Baselines were determined on biochemical and 
physiological  parameters by administering t h e  following: (a) a medical 
examination, (b) a lean  body mass determination, (c) an American 
Association f o r  Health, Physical Education and Recreation (AAHPER) ba t t e ry  
test, (d) a t readmi l l  rest, (e) a b icyc le  ergometer test, and ( f )  an 
o r t h o s t a t i c  tolerance test, 
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Each sub jec t  had a thorough medical examination, including a six 
l ead  ECG, a v i t a l  capac i ty  tes t ,  a maximum breathing capac i ty  test ,  and 
blood and u r i n e  ana lys i s .  
Tes t  i n  which t h e  speed of t h e  b e l t  was cons tan t  throughout t h e  test a t  
The subjec ts  were given t h e  Balke Treadmill 
90 meters per  minute wi th  an  increment i n  grade of 1% per minute. 
rate and blood pressure  ( s y s t o l i c  and d i a s t o l i c )  were measured manually 
Pulse:  
\ 
a t  one minute i n t e r v a l s  throughout t h e  test. The pulse  r a t e  was a l s o  
telemetered t o  a Cardio-Tac f o r  continuous observat ion and t h e  test was 
terminated when the  h e a r t  ra te  reached 180 bea t s  per  minute. During the  
last minute of t h e  t r eadmi l l  test ,  pulmonary v e n t i l a t i o n  was measured 
and expired a i r  co l l ec t ed  t o  determine t h e  r e s p i r a t o r y  quot ien t ,  maximum 
oxygen consumption, and oxygen uptake per  kilogram of body weight. 
Blood samples were obtained by venipuncture,  with the  sub jec t  i n  a 
f a s t i n g  state,  j u s t  p r i o r  t o  and immediately a f t e r  t h e  t readmi l l  test. 
The following determinat ions were made: 
method of Loomis (6); glucose by t h e  method of Nelson (7) and Somogyi ( 8 ) ;  
t o t a l  cho le s t e ro l  by t h e  procedure of Babson, Shapiro,  and P h i l l i p s  (9); 
lact ic  ac id  by t h e  enzymatic 
t o t a l  p ro te in  by t h e  method of Reinholt  (10); phospholipids by the  method 
of Sunderman (11); t r i g l y c e r i d e s  by the  method of Van Handel and Zi lver -  
s m i t t  (12);  urea n i t rogen  by t h e  method of Conway (13); sodium, potassium, 
and calcium on t h e  Coleman flame photometer; serum glutamic oxa lace t ic  
transaminase by the  method of Babson, Shapiro,  W i l l i a m s ,  and P h i l l i p s  (14); 
c r e a t i n e  phosphokinase by t h e  Sigma method (15). 
The s u b j e c t ' s  percent of body f a t  was determined by t h e  body dens i ty  
method as descr ibed by D i l l  (16). An o r t h o s t a t i c  to le rance  test (L7), 
t he  AAHPER Physical F i t n e s s  Test (18) and a b i cyc le  ergometer test  was 
given as p a r t  of the base l ine  evaluation. 
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The inves t iga t ion  was conducted i n  f i v e  phases designated a s  experiments. 
I n  each experiment t h e r e  were four  groups of f i v e  sub jec t s  each, who had 
been assigned t o  groups by a t a b l e  of random numbers. 
i n  each experiment l a s t e d  t e n  weeks. 
The t r a i n i n g  period 
A t  t h e  end of every two experimental weeks of t r a i n i n g  t h e  physical  
capaci ty  of each subjec t  w a s  assessed by adminis ter ing t h e  b icyc le  e r g m e t e r  
tes t  as follows. 
meters per minute, 
was increased by 75 kpm. 
t h e  test was terminated. 
f i f t h ,  e ighth,  and each of t h e  last t h r e e  minutes of exercise t o  obta in  
oxygen consumption data.  The hea r t  r a t e ,  blood pressure,  and r e s p i r a t i o n  
rate were measured each minute of t h e  test  a s  w e l l  a s  t h r e e  minutes p re - t e s t  
and t h r e e  minutes pos t - tes t .  
The sub jec t  exercised f o r  t h r e e  minutes a t  300 kilopond 
A t  t h e  beginning of each minute t h e r e a f t e r ,  t h e  workload 
When t h e  hea r t  rate reached 180 bea ts  per minute 
Gas samples were co l lec ted  during t h e  t h i r d ,  
A t  t h e  end of t h e  Pen weeks each sub jec t ’ s  physical  f i t n e s s  was again 
evaluated t o  determine t h e  e f fec t iveness  of t h e  d i f f e r e n t  t r a i n i n g  programs. 
Indexes of physical  f i t n e s s  which were investigated included r e s t i n g  h e a r t  
rate, blood volume, plasma volume, red blood cell  volume, red blood cel l  
production, exercise to le rance ,  o r t h o s t a t i c  to le rance ,  l ean  body mass, 
maximal oxygen consumption, maximal oxygen uptake per kilogram of body 
weight, and t h e  AAHPER scores.  
volume were determined by i n j e c t i o n  of Evans Blue according t o  a procedure 
out l ined by General Diagnostic Divis ion of t h e  Warner-Chilcott Co. 
Measurements were made on seve ra l  biochemical and physiological  parameters 
t o  determine t h e  na ture  and ex ten t  of any change which took p lace  as a 
r e s u l t  af t he  physical  t r a in ing .  
Blood volume, plasma volume and red blood ce l l  
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The a c t i v i t i e s  of each t r a i n i n g  group 
r e spec t ive  experiment and t h i s  information 
are descr ibed below under its 
is then summarized i n  Table I, 
I n  each experiment Group D served as t h e  con t ro l  group and engaged i n  t h e i r  
normal d a i l y  schedule without p a r t i c i p a t i n g  i n  an  exercise program. 
Fxper iment I 
The three exercise groups followed a prescr ibed t r a i n i n g  program of 
twenty minutes per day, f i v e  days per  week, f o r  t e n  weeks. The d a i l y  
t r a i n i n g  per iod cons is ted  of a five-minute warmup wi th  t h e  work load 
ad jus ted  t o  produce a h e a r t  rate of 120-130 bea ts  per  minute, followed 
immediately by f i f t e e n  minutes of exercise with t h e  work load ad jus t ed '  
t o  produce a heart ra te  of 160 bea ts  per  minute. 
Group A exercised on a Monarch Bicycle Ergometer with t h e  work load 
ad jus ted  each minute t o  produce the des i r ed  h e a r t  rate f o r  t h e  warmup and 
t h e  exercise periods.  
f i f t e e n  minutes a t  a speed required t o  maintain a h e a r t  rate of 160 bea ts  
per  minute. The pulse  ra te  was  determined every ha l f  m i l e .  
exercised on a t readmi l l  by walking a t  a constant  speed of 90 meters per  
minute with t h e  e l eva t ion  of t he  m i l l  being ad jus ted  each minute t o  produce 
the des i red  h e a r t  rate, 
exercise and ad jus ted  t h e  work load t o  br ing  about the des i red  h e a r t  rate, 
Group B jogged f o r  f i v e  minutes and then r an  f o r  
Group C 
A reasearch a s s i s t a n t  checked the  h e a r t  rate dur ing  
Experiment IT 
The t h r e e  exercise groups followed a prescr ibed t r a i n i n g  program on 
a b icyc le  ergometer twenty minutes per  day, f i v e  days per  week, f o r  t en  
weeks. 
work load ad jus ted  t o  produce a h e a r t  rate of 120-130 bea ts  per  minute, 
followed immediately by f i f t e e n  minutes of exerc ise  with the work load 
ad jus ted  t o  produce a d i f f e r e n t  h e a r t  rate f o r  each group. 
The d a i l y  t r a i n i n g  period cons is ted  of a five-minute warmup with t h e  
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Group A exercised w i t h  t h e  work load ad jus ted  t o  produce a h e a r t  
ra te  of 140 bea t s  per  minute. 
bea ts  per minute, and Group C exercised a t  a h e a r t  rate of 180 bea t s  per  
minute. 
exercise and ad jus ted  t h e  work load when necessary t o  maintain t h e  des i red  
h e a r t  rate. 
Group B exercised a t  a h e a r t  rate of 160 
A research a s s i s t a n t  checked t h e  h e a r t  rate each minute during 
Experiment ISS 
The three exercise groups followed a prescr ibed t r a i n i n g  program OR 
a b icyc le  ergometer f i v e  days a week f o r  t e n  weeks. The d a i l y  t r a i n i n g  
period cons is ted  of a five-minute warmup wi th  the  work load ad jus ted  t o  
produce a h e a r t  rate of 120-130 bea ts  per  minute, followed immediately 
by a work Load adjustment t o  produce a h e a r t  sate of 180 bea ts  per  minute 
f o r  each group. 
Group A exercised f o r  twenty minutes per day, Group B f o r t y  minutes 
per day, and Group C s i x t y  minutes per day. 
t h e  h e a r t  r a t e  each minute during exercise and ad jus ted  t h e  work load when 
necessary t o  maintain t h e  des i red  h e a r t  rate. 
A research  a s s i s t a n t  checked 
Experiment IV 
The three exercise groups followed a prescr ibed t r a i n i n g  program on 
a b icyc le  ergometer f o r  t e n  weeks. The t r a i n i n g  per iod cons is ted  of a f ive -  
minute warmup with t h e  work load ad jus ted  t o  produce a h e a r t  rate of 120-130 
bea ts  per minute, followed immediately by a work load adjustment t o  produce 
a hea r t  rate of 160 bea t s  per minute which, f o r  each group, was maintained 
f o r  f i f t e e n  a d d i t i o n a l  minutes, 
Group B six times per  week, and Group C twelve times per week, 
Group A exercised three t i m e s  per  week, 
A research  
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a s s i s t a n t  checked t h e  h e a r t  r a t e  each minute during exerc ise  and ad jus ted  
the  work load when necessary t o  maintain t h e  des i red  h e a r t  rate. 
Ex per  iment V 
The f i f t e e n  sub jec t s  who were t o  be assigned t o  treatment groups were 
brought t o  an  average l e v e l  of physical  f i t n e s s  by an individual ized t r a i n i n g  
program. 
t o  t h r e e  groups of f i v e  ind iv idua ls  per group. 
Subjects  were then assigned by u s e  of a t a b l e  of random numbers 
Group A exercised on a b icyc le  ergometer s u f f i c i e n t l y  t o  maintain 
t h e i r  l e v e l  of physical  f i t n e s s .  
b icyc le  tests descr ibed on page four  t h a t  t h ree  t r a i n i n g  per iods pe r  week 
of twenty minutes per  period were s u f f i c i e n t  t o  maintain a moderate l e v e l  
of f i t n e s s .  
a high l e v e l  of f i t n e s s .  
t h e  sub jec t  was brought t o  160 bea ts  per  minute and maintained a t  t h a t  
l e v e l  f o r  t he  remainder of t h e  period by a research  a s s i s t a n t  who checked 
t h e  pulse  r a t e  each minute and made t h e  necessary adjustment i n  t h e  work load. 
It was determined from the  semimonthly 
A more s t renuous t r a i n i n g  program would be required t o  maintain 
During these  exerc ise  per iods the  p d s e  r a t e  of 
Group B "overtrained" by exerc is ing  two times per day, f i v e  days 
p e r  week i n  the  following manner. 
150 kilopond meters per  minute. 
t he  work load was increased 150 kpm u n t i l  t he  sub jec t  was unable t o  maintain 
the spec i f i ed  pedal l ing r a t e  of 50 rpm. The complete cyc le  w a s  then 
repeated s o  t h a t  each sub jec t  was worked t o  near exhaustion twice i n  each 
exerc ise  period f o r  a t o t a l  of four  times per day. 
average of for ty-n ine  m i n u t e s  of work pe r  day. 
The sub jec t  exercised f o r  one minute a t  
A t  the  beginning of each minute t h e r e a f t e r  
This r e su l t ed  i n  an 
After t h r e e  weeks t h e  t r a i n i n g  program was changed pr imari ly  f o r  
psychological reasons. The sub jec t  worked the  f i r s t  minute a t  300 kpm 
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and a t  t he  beginning of each minute t h e r e a f t e r  the workload w a s  increased 
300 kpm u n t i l  t h e  sub jec t  could no longer maintain t h e  peda l l ing  rate of 
50 rpm. 
of 300 kpm per  minute was reached. 
t h e  e n t i r e  exercise being repeated dur ing  an a f te rnoon workout. 
r e su l t ed  i n  a n  average of f o r t y - f i v e  minutes of work per day. 
The workload was then reduced 300 kpm each minute u n t i l  a load 
This cyc le  w a s  then repeated wi th  
This  
Group C stopped a l l  t r a i n i n g  and rever ted  t o  their  normal d a i l y  
a c t i v i t i e s  . 
Table I summarizes t h e  above information concerning t r a i n i n g  groups 
and t h e i r  treatment.  
TABLE I 
THE TRAINING GROUPS AND THEIR ACTIVITIES I N  EACH MPERIMENP 
EXPERIMENT 
I 
If 
111 
I V  
V 
VARIABLE 
Ac t iv i ty  
Work Load 
(Pulse rate i n  beats/min) 
Training Session 
Length (min) 
Training Session 
Frequency (Times/week) 
Post-Training 
Di sc ip l ine  
A 
Hcycling 
140 
20 
3 
IIaintain 
GROl 
B 
Running 
160 
40 
6 
Over t r a i n  
S* 
C 
Treadmill 
Walking 
180 
60 
12 
Q u i t  
Fxerc i s  ing  
D 
Control 
Control 
Control 
Contr 01 
Cont r o l  
*Hereafter,  t h e  groups w i l l  be r e f e r r e d  t o  by the experiment number and 
group letter.  
Group 114. 
For example, Group C i n  Experiment I1 w i l l  be designated 
**In previous progress  r epor t s ,  groups have been designated by Roman 
numeral rather than by c a p i t a l  let ter.  
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IV. R e s u l t s  
The va r i ab le s  t h a t  were measured and whose mean pre- t ra in ing ,  post-  
t r a i n i n g  and d i f f e rence  va lues  have been reported i n  the previous progress  
r epor t s  are l i s t e d  i n  Table 11. 
t h e  dec is ion  was made t o  make comparisons between t h e  f i r s t  and last  tests 
P r i o r  t o  the  beginning of each experiment, 
f o r  each group. 
var iance and d e t a i l s  concerning t h e  s t a t i s t i c a l  analyses  were given i n  
The da ta  were s t a t i s t i c a l l y  t r e a t e d  by t h e  ana lys i s  of 
previous progress repor t s .  
TABLE I1 
VARIABLES WHICH WERE MEASURED 
AAHPER TEST ITEMS 
1. 
2. 
3, 
4. 
5. 
6. 
7, 
8.  
Pullups 
S i tups  
S h u t t l e  Run 
Standing Broad Jump 
50-Yard Dash 
S o f t b a l l  Throw 
600-Yard Run 
Mean AAHPER P e r c e n t i l e  
PHYSIOLOGICAL VARIABLES 
9 e Weight 
10. Percent Body Fa t  
11, Hemoglobin 
12. Hematocrit 
13. Red Blood Cells 
14. Reticulocytes  
15, Red Blood C e l l  Volume 
16. Plasma Volume 
17. Tota l  Blood Volume 
TREADMILL TEST VARIABLES 
18. Time on Treadmill  to 180 Pulse Rate 
19. V i t a l  Capacity 
20. Maximum Breathing Capacity (MBC) 
21. Respiratory Rate During MBC Test  
22, T ida l  Volume During MBC Tes t  
23. Maximal Pulmonary Vent i la t ion  (0,) 
a t  Body Temperature Pressure 
Saturated (BTPS) 
24. Respiratory Rate a t  $, 
25. Tida l  Volume a t  t, 
* 
E 26. Carbon Dioxide (COP) Produced a t  V . 
27. 
28, O2 Uptake/Pulse a t  c, 
29, O2 Uptake/kg body weight*min 
(kgbwemin) a t  9, 
Oxygen (02) Uptake a t  V 
E 
30. Uptake 
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TABLE II VARIABLES WHICH W E R E  MEASURED...,...,......Continued 
0 
31. Respiratory Quotient at VE 55. Potassium 
32. Systolic Blood Pressure at Rest 56. Total Protein 
33, Systolic Blood Pressure at 180 57. Creatine Phosphokinase 
34. Diastolic Blood Pressure at Rest 58, Urea Nitrogen 
Pulse Rate 
35. Diastolic Blood Pressure at: 180 59. Calcium 
Pulse Rate 
60. Triglycerides 
61, Lactic Acid 
BICYCLE TEST VARIABLES 
62. 
36. Pulse Rate at Rest 
37. 
- SERUM DETERMINATIONS (Before*) 
Pulse Rate at Last Minute of Work 
Time on Bicycle to 180 Pulse Rate 
38. 
39. 
40. 
41. 
42. 
43. 
44 
45 . 
Glucose 
Glutamate Oxaloacetate Transaminase 
(SGOT) 
Total Cholesterol 
Phospholipids 
Sodium 
Pot as s ium 
Total Protein 
Creatine Phosphokinase 
63. 
64. 
65. 
66. 
67. 
68. 
69 . 
70 
46. Urea Nitrogen 
47. Calcium 
48. Triglycerides 
49. Lactic Acid 
- SERUM DETERMINATIONS (After*) 
50. Glucose 
51. Glutamate Oxaloacetate 
71. 
72 o 
73 . 
74 * 
75 * 
74, 
Transaminase (SGOT) 77, 
52. Total Cholesterol 
53. Phospholipids 
54, Sodium 
78 e 
79 e 
Pulmonary Ventilagion at 8th Minute 
at BTPS 
tE at BTPS 
Respiratory Rate at 8th Minute . 
Respiratory Rate at V E 
Tidal Volume at 8th Minute . 
Tidal Volume at VE 
GO2 Produced at 8th Minute . 
C02 Produced at VE 
02 Uptake at 8th Minute 
02 Uptake at 6.~ 
02 Uptake/Pulse at 8th Minute 
O2 Uptake/Pulse at VE 
O2 Uptake/kgbw.min at 8th Minute 
02 Uptake/kgbw.min at GE 
Pulmonary Ventilation/OZ Uptake at 
8th Minute 
. 
CE/O2 Uptake 
Respiratory Quotient at 8th Minute 
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TABLE I1 VARIABLES WHICH WERE MEASURED......,......Continued 
80. Respiratory Quotient a t  pE 85. Pulse Rate a t  R e s t  
81, Sys to l i c  Blood Pressure a t  Rest 86. Pulse Rate a t  Last  Minute of Work 
82. Sys to l i c  Blood Pressure a t  180 87, Sys to l i c  Blood Pressure a t  3rd 
Pulse  Rate Minute of Recovery 
83, D ias to l i c  Blood Pressure a t  Rest 88. Dias to l i c  Blood Pressure a t  3rd 
84. D ias to l i c  Blood Pressure a t  180 
Minute of Recovery 
Pulse  Rate 89. Pulse  Rate a t  3rd Minute of Recovery 
*Comparison of t h e  r e s t i n g ,  f a s t i n g ,  p re- t ra in ing  values  with t h e  r e s t ing ,  
f a s t i n g ,  pos t - t ra in ing  values. 
**Comparison of t h e  post- t readmil l  tes t ,  f a s t i n g ,  p re- t ra in ing  values  with 
t h e  post- t readmil l  test, f a s t i n g ,  pos t - t ra in ing  values. 
The s i g n i f i c a n t  changes t h a t  were found are presented i n  Table 111. 
The va r i ab le s  are designated by number i n  t h e  sequence presented i n  Table I1 
and an explanation of t he  symbols t h a t  are used f o r  groups is found i n  Table 
I, If a s i g n i f i c a n t  decrease was found, t h i s  is indicated by a minus s ign  
placed i n  f r o n t  of t h e  level of s ign i f icance .  
indicated by t h e  lack of any s ign  before  t h e  s ign i f i cance  level .  
A s i g n i f i c a n t  increase  is 
From Table 111, it appears t h a t  t h e  change i n  t o t a l  work performed u n t i l  
a pulse r a t e  of 180 bea ts  per  minute is reached (var iab les  18 and 62) is t h e  
bes t  ind ica tor  of an  increase  or  decrease i n  physical  f i t n e s s .  The change i n  
carbon dioxide produced and oxygen consumed a t  maximal pulmonary v e n t i l a t i o n  
(var iab les  26, 27, 28, 29, 70, 72, 74, and 76) are a l s o  very good ind ica to r s  
of an increase  o r  decrease i n  physical  f i t n e s s .  
TABLE 111 
THE DIRECTION AND SIGRIFICAiVCE UVEL OF CHAIIJGES 
111 MEASURED VARLABLW AMONG TRAIBIIiG GROUPS 
*Wee Ta,ble I1 
WSee Table I1 
TABLE III... ..THE DIRECTION AND SIGNIFICANCE LEVEL OF CHANGES I N  W S U R E D  VARfABLES AMONG TRAINING GROUPS.. ..Continued 
**See Table I1 
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Table I V  l i s t s  t h e  va r i ab le s  i n  which a s i g n i f i c a n t  increase  ind ica t e s  
a gain i n  physical  f i t n e s s .  Conversely, a s i g n i f i c a n t  decrease i n  these  
va r i ab le s  would ind ica t e  a loss i n  f i t n e s s ,  
decreases i n  these  va r i ab le s  are found i n  Table I11 except for Variable 90. 
The s i g n i f i c a n t  increases  and 
For Variable 90, t he re  was a s i g n i f i c a n t  increase  i n  Group I I I - B  a t  t h e  .OS 
l e v e l  and a s i g n i f i c a n t  increase  i n  Group I I I - C  a t  t h e  -001 level .  
TABLE I V  
VARIABLES I N  WHICH A SIGNIFICANT INCREASE 
DECRWSE INDICATES A LOSS I N  PHYSICAL FITNESS 
INDICATES A GAIN I N  PHYSICAL FITNESS AND A SIGNIFICANT 
NUMBER* 1 VARIABLE 
I 
? 
*See Table 11 
1 
2 
4 
6 
8 
11 
1 2  
13 
14 
15 
16 
1 7  
18 
19 
20 
23 
Pullups 
Si tups 
Standing Broad Jump 
Sof tba l l  Throw 
Mean AAHPER Percent i le  
Hemoglobin 
Hematocrit 
Red Blood Cells 
Reticulocytes 
Red Cel l  Volume 
Plasma Volume 
Tota l  Blood Volume 
Time on T r e a d m i l l  t o  180 Pulse R a t e  
V i t a l  Capacity 
Maximum Breathing Capacity 
'trE a t  BTPS (TM) 
I 
NUMBER* VARIABLE 
25 
26 
27 
28 
29 
61 
62 
64 
68 
70 
72 
73 
74 
76 
90 
Tidal  Volume a t  iE (TM) 
C02 Produced a t  VE (TM) 
02 Uptake a t  0, (TM) 
O2 Uptake/Pulse a t  8, (TM) 
02 Uptake/kgbw=min. a t  VE (TM) 
Lactic Acid (After) 
Time on Bicycle t o  180 Pulse Rate 
6, a t  BTPS (Bike) 
Tida l  Volume a t  (Bike) 
C02 Produced a t  qE (Bike) 
02 Uptake a t  tE (Bike) 
02 UptakejPulse a t  8 t h  Min.(Bike) 
O2 Uptake/Pulse a t  QE (Bike) 
02 Uptake/kgbw=min. a t  $,(Bike) 
Variable 86 minus Variable 89 
The va r i ab le s  i n  which a s i g n i f i c a n t  decrease ind ica t e s  a ga in  i n  physlcal  
f i t n e s s  a r e  presented i n  Table V. 
var i ab le s  ind ica tes  a loss of f i t n e s s .  
i n  these  va r i ab le s  a r e  found i n  Table 1x1, 
Conversely, a s i g n i f i c a n t  increase  i n  these  
The s i g n i f i c a n t  increases  and decreases 
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TABLE V 
VARIABLES I N  WHICH A SIGNIFICANT DECREASE 
INDICATES A GAIN I N  PHYSICAL FITNESS AND A SIGNIFICANT 
INCREASE INDICATES A LOSS I N  PHYSICAL FITNESS 
NUMBER* I VARIABLE 
I 
3 
5 
7 
9 
10 
30 
33 
35 
36 
40 
41 
Shu t t l e  Run 
50-Yard Dash 
600-Yard Run 
Weight 
Percent Body Fat  
GE/O2 Uptake (TM) 
Sys to l i c  Blood Pressure a t  180 
Pulse Rate (TM) 
Dias to l i c  Blood Pressure a t  180 
Pulse  Rate (TM) 
Pulse Rate a t  Rest (TM) 
Tota l  Cholesterol  (Before) 
Phospholipids (Before) 
*See Table I1 
UMBER* 
48 
63 
67 
69 
71 
75 
77 
78 
82 
84 
85 
VARIABLE 
Triglycer ides  (Before) 
Pulmonary Vent i la t ion  a t  8 t h  Min. 
a t  BTPS (Bike) 
Tidal Volume a t  8 t h  Min, (Bike) 
C02 Produced a t  8 t h  Min. (Bike) 
O2 Uptake a t  8 thMin-  (Bike) 
02 Uptake/kgbw*min. a t  8 t h  Min. 
(Bike) 
Pulmonary Ventilation/OZ Uptake a t  
8 th  Min. (Bike) 
+El02 Uptake (Bike) 
Sys to l i c  Blood Pressure a t  180 
Pulse Rate (Bike) 
D ias to l i c  Blood Pressure a t  180 
Pulse Rate (Bike) 
Pulse Rate a t  Rest (Bike) 
The t o t a l  number of s i g n i f i c a n t  changes which ind ica t e  a gain or  a loss 
i n  physical  f i t n e s s  is presented by groups i n  Table VI .  
t o t a l  s i g n i f i c a n t  increases i n  Table I11 f o r  t h e  se l ec t ed  va r i ab le s  of Table 
I V  p l u s  t he  t o t a l  s i g n i f i c a n t  decreases i n  Table I11 €or t h e  se l ec t ed  va r i ab le s  
of Table V. 
Table I11 f o r  t h e  se l ec t ed  va r i ab le s  of Table I V  plus  t b e  t o t a l  s i g n i f i c a n t  
increases  i n  Table I11 f o r  t h e  se lec ted  va r i ab le s  of Table V, The n e t  ga in  
which is tabulated i n  t h e  t h i r d  column under Difference is t h e  number of 
s i g n i f i c a n t  changes ind ica t ing  a ga in  i n  physical  f i t n e s s  minus t h e  number of 
s i g n i f i c a n t  changes ind ica t ing  a loss in  f i t n e s s .  
The gains are t h e  
Conversely, t h e  lo s ses  are t h e  t o t a l  s i g n i f i c a n t  decreases i n  
17 
A 13 
I V  B 15 
C 14 
D 10 
A @k***.k 
TABLE V I  
0 13 
3 12 
0 14 
3 7 
3** 3 
V B 
C 
I) li 4 I 4 f 0 
16 1 -8 17 2 10 
Whe t o t a l  number of s i g n i f i c a n t  increases  i n  the  va r i ab le s  i n  
Table I V  p lus  the  t o t a l  number of s i g n i f i c a n t  decreases  i n  t h e  va r i ab le s  i n  
Table V. 
**The t o t a l  number of s i g n i f i c a n t  decreases  i n  the  va r i ab le s  i n  
Table I V  p lus  the  t o t a l  number of s i g n i f i c a n t  increases  i n  t h e  va r i ab le s  i n  
Table V. 
**Gain minus loss. 
***The discrepancy t h a t  exists between t h i s  f i g u r e  and t h a t  given i n  
previous progress  r epor t s  is due t o  the  a d d i t i o n  of Variable  85 t o  Table V, 
****The discrepancy t h a t  e x i s t s  between t h i s  f i g u r e  and t h a t  given i n  
previous progress  r e p o r t s  is due t o  e r r o r  i n  previous r epor t ing  of da ta .  
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The measurement of maximal oxygen consumption per  kilogram of body 
weight i s  one of the  most common physiological  methods of assess ing  physical  
f i t n e s s .  This  i s  an important measure of t h e  card iovascular - resp i ra tory  
system t o  meet t h e  demands placed on it  by continued vigorous physical  
a c t i v i t y  (19). 
physiological  i nd ica to r  of t he  capac i ty  of a man f o r  sus t a in ing  hard work, 
it i s  a l s o  t h e  most ob jec t ive  measure by which in s igh t  i s  gained i n t o  the  
physical  f i t n e s s  of an ind iv idua l  as r e f l e c t e d  by h i s  cardiovascular  system 
(20). Newton found t h e  Balke Treadmill T e s t  t o  be one of the  b e t t e r  i n s t ru -  
ments f o r  determining maximal oxygen consumption (21). 
Not only i s  t h e  maximal oxygen uptake t h e  bes t  s i n g l e  
The Balke Treadmill T e s t  and the  b i cyc le  ergometer test  descr ibed on 
page four  of t h i s  r epor t  were both used t o  measure oxygen uptake a t  a 180 
pulse  r a t e ,  p re  and post t r a i n i n g ,  i n  these  experiments. The values  
obtained from the  t r eadmi l l  and the  b ike  tests were combined and t h e  percent 
of change values  f o r  each group i n  each experiment a r e  presented i n  Table V I I ,  
TABLE V I 1  
THE PERCENT OF C W G E  I N  OXYGEN PER 
KILOGRAM OF BODY WEIGHT VALUES 
GROUPS 
*See Table I. 
**This increase  was l a r g e l y  due t o  one of t h e  con t ro l  sub jec t s  t r a i n i n g  f o r  
and engaging i n  spelunking. This was unknown u n t i l  t h e  experiment was completed. 
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V. SGmmary 
There a r e  some s l i g h t  d i screpancies ,  a s  indicated i n  t h e  footnotes ,  
between some of the  values  i n  Table V I  and values which were previously 
reported.  
reported and are f u r t h e r  subs tan t ia ted  by the  da t a  presented i n  Table VII. 
I n  Experiment I, t h e  running group and t h e  group exerc is ing  on t h e  b icyc le  
made s i m i l a r  gains  i n  f i t n e s s .  I n  Experiment 11, t h e  group exerc is ing  a t  a 
p u l s e  rate of 130 bea ts  per  minute made t h e  greatest :  ga in  i n  f i t n e s s .  
Experiment 111, the  group exerc is ing  f o r  s i x t y  minutes per t r a i n i n g  sess ion  
made t h e  g r e a t e s t  gain i n  f i t n e s s .  
t w e l v e  times per  week made the  g r e a t e s t  g a i n  i n  physical  f i t n e s s .  
Experiment V, sub jec t s  were maintained a t  a moderate l e v e l  of f i t n e s s  by 
exerc is ing  a t  a p u l s e  r a t e  of 160 bea ts  per  minute f o r  twenty-minute per iods 
t h r e e  times per  week. 
d a i l y  t o  near exhaustion gained i n  f i t n e s s  while those  sub jec t s  who d i s -  
continued exerc is ing  decreased i n  f i t n e s s .  
These do not  ma te r i a l ly  a f f e c t  t h e  conclusions which have been 
I n  
I n  Experiment I V ,  those sub jec t s  exerc is ing  
I n  
Subjects  who were "overtrained" by exerc is ing  twice 
V I .  Recommendations 
The s i n g l e  va r i ab le  which is most r e a d i l y  measured q u a n t i t a t i v e l y  and 
probably bes t  i nd ica t e s  t h e  l e v e l  of physical  f i t n e s s  is  maximal oxygen 
uptake per  kilogram of body weight per minute. 
a person i n  good physical  condi t ion should be a b l e  t o  consume 40-45 m l  of 
02/kgbw.rnin. a t  180 pulse  r a t e .  
t h a t  has been put i n t o  t h e  Apollo program, t h e  physical  work which the  
as t ronauts  w i l l  be increas ingly  c a l l e d  UPOR t o  perform for extended per iods 
of t i m e  and t h e  poss ib le  exigencies  which they might encounter on a space 
f l i g h t ,  a good l e v e l  of f i t n e s s  should be a m i n i m u m  requirement f o r  a l l  
Our da t a  would i n d i c a t e  t h a t  
Because of t h e  g r e a t  expense and e f f o r t  
as t ronauts .  We f e e l  t h a t  it would be bes t  i f  t he  a s t ronau t s  could consume 
a t  least 45 m l  of 02/kgbwamin., but t h a t  40 m l  be t h e  absolu te  minimum. 
Our inves t iga t ion  ind ica t e s  t h a t  a person could reach a good l e v e l  
of physical  f i t n e s s  by exerc is ing  a t  a pu lse  ra te  of 160 bea ts  per  minute 
f o r  twenty-minute per iods f i v e  times a week. 
a s p i r e  t o  space f l i g h t  be required t o  obta in  t h i s  minimum amount of exercise.  
To achieve a high l e v e l  of f i t n e s s ,  an as t ronaut  should exerc ise  at a 
pulse  r a t e  above 160 bea ts  per minute f o r  th i r ty-minute  periods f i v e  times 
a week. 
upon a maximal p u l s e  r a t e  of approximately 180-190 beats  p e r  minute. It 
has been our experience t h a t  a few indiv idua ls  have a maximal pulse  rate 
t h a t  i s  appreciably higher  than 190 bea ts  per minute. 
a pulse  rate of 160 bea ts  per minute during exerc ise  might not  be s u f f i c i e n t  
t o  produce a good l e v e l  of f i t n e s s .  Such ind iv idua ls  would have t o  exerc ise  
a t  a higher  pulse  r a t e .  
We recommend t h a t  a l l  who 
The pulse  rate during exercise t h a t  is recommended is cont ingent  
I n  such ind iv idua ls ,  
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